Green environment is one of the prime concerns for safe future generation. Water is one of the prime components of our environment. In near future the universe will face acute curse of fresh water due to pollution. Surface water pollution, from the last couple of decades, is drawing more attention as it is vulnerable for pollution with world development . Bangladesh has unplanned industries which are not operated according to proper effluent treatment strategies and untreated or partially treated effluent has been throwing into the nearby water body which demolishes the aquatic environment (Sarkar et al., 2017) . River and their catches are very important to protect hydro-environmental balance through which hydrochemistry, ecosystem and natural heritage are saved. The hydrochemistry of water body is affected by many factors like anthropogenic, natural and manmade activities. Among these factors manmade activities are very prominent. From manmade activities industrial effluents, agricultural runoffs, land runoffs, municipal wastes, hospital wastes and mine pollutions are the most common factors for influencing biogeochemistry of water body. The government of Bangladesh has focused on industrial development from the last decades for improving living standard of mass people and keeping a constant GDP growth more than 7 %. Therefore, the extended use of water for industrial purpose exerts pressure on surface water and thereby pollutes water resources as proper effluent treatment is not imposed.
Over pressure on ground water with population density from last couple of decades has drawn more attention to surface water for daily use like drinking, household use, irrigation and industrial supply.
The Turag is an important river in Bangladesh flowing through the north side of Dhaka mega city and itemize Gazipur district. Rapid industrial growth has occurred on the bank city Gazipur at Tongi arena under the Bangladesh Master Plan-1959 . A variety of industries like garments, textile, spinning, jute, metal industries, tobacco, pharmaceuticals, chemical, pesticides, food processing, tanneries and many more are located in this industrial zone. The rhythm, however of waste disposal and waste management system has not kept pace with this industrial growth.Therefore, the Turag has been a dumping station for this industrial zone. Beside this unplanned construction and unscientific use of agricultural land has been continuing. The construction materials and residual pesticide as well as fertilizes have been mixed into the Turag river water. Municipal wastes from Gazipur City Corporation are intensifying this pollution. Recently, the government of Bangladesh takes a master plan to protect the peripheral rivers of Dhaka city. Under this plan, government prescribed mandatory effluent treatment plant for the industries. As a part of that plan, the Turag has been emancipated from illegal possession and dredged for circular waterway of Dhaka city communication and recreation. The acrid smell and pollution is one of the major obstacles for the suitable environment and ecosystem of Turag river. Suitability of surface water for household, industrial, irrigational use and recreational use is determined by its hydro-chemical characteristics.
A lot of works have been reported on Turag river. Zakir et al. (2006) , Banu et al. (2013) , Ahmed et al. (2016) and investigated the physicochemical parameters and heavy metal pollution. However, minerals and ionic pollution in surface water and sediment have not been focused significantly in any of the previous works. In this study, we aim at monitoring the mineral and ionic pollution in surface water and sediment to assess the hydrochemistry, ecosystem for understanding hydrological balance of Turag river. Finally, we analyzed the data for correlation, principal component analysis and cluster analysis for better understanding the inter connectivity of the minerals and ions.
Materials and methods

Study Area
The Turag river is one of the major rivers of Bangladesh which is the upper tributary of the Buriganga river and originated from the Bangshi river in Kaliakair Upozila. Truag river is a commercially important and navigable river all year round. According to literature, the Turag is facing huge pollution problem from industrial and household sources. Therefore, we select this river as our study area in industrial vicinity. Samples were collected from the three preselected untreated industrial effluent discharged arena of the Turag river ( Fig. 1) during Dry (February) and Wet (June) season in 2015. The sampling stations were Dhaka dyeing (SS-1), Hossain dyeing (SS-2) and Zaber & Zubair Fabrics (SS-3).
Sample collection and preparation
Surface water samples were collected from 60 cm deep from the surface and sediment samples were collected from the undisturbed top 5 cm layer.The collected samples were transferred carefully to the laboratory as soon as possible. Water samples were preserved in refrigerator for preventing microbial decomposition of different materials present in the samples. Before analysis samples were taken to the normal temperature. Sediment samples were sun dried first and then dried in oven at 50 o C. After drying, sediment samples were ground in a motor and sieved for homogeneity. Finally, 1.0 g of each sample was digested using 10.0 mL of concentrated HNO 3 and aliquot portion of water on a hot plate till to dryness. After that 5.0 mL of concentrated HClO 4 was added and then digestion was continued. The obtained solution was diluted to 100 mL with double distilled water.
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Fig. 1. Untreated effluent discharged into the Turag river
Experimental
Samples were analyzed according to the standard procedure (APHA, 1915) . The samples were digested before analysis. An aliquot of 100 mL of each sample was taken into a 250 mL of pyrex beaker. To acidify the sample, 1 M concentrated HCl (9 mL) as well as 1 M concentrated nitric acid (3 mL) was added in the beaker. The solution was carefully heated on a sand bath near to dryness into the fume hood. After cooling to the room temperature, deionized water was added to the sample up to the mark of a 100 mL flask. The solution was filtered and the filtrate was collected in a screw cap plastic tube. Digested samples were used for every analysis. The Atomic Absorption Spectrometer (AAS) was calibrated for all the metals by running different concentration of standard solutions. Sodium and potassium were measured by Flame Photometer (PFP7, JENWAY), while calcium and magnesium were analyzed by AAS(AA240FS, VARIAN). A N 2 O-air-acetelene flame was used for calcium analysis and air-acetelene flame was used for magnesium analysis. The anions, F -, Cl -, Br -, NO 2 -, NO 3 -and SO 4 2-ware evaluated by Ion Chromatograph (LC-10AD, Shimadzu, Japan) and PO 4 2-was measured spectrophotometrically by a UV Spectrophotometer (UV-1650 PC, Shimadzu).
Data Analysis
The obtained data were correlated statistically. Principal Component Analysis (PCA) and Cluster Analysis (CA) have also been done. Hierarchical Cluster Analysis has been used here to see the coexistence of minerals and anions in the surface water and sediments in the river and the output is expressed through Dendrogram. All analyses were performed by Statistical Package for Social Sciences software (SPSS 16).
Results and discussion
Water of the Turag river was dark and pungent during the sampling period. Lot of floating materials was observed on the surface of the river. This study emphasizes on the observation of minerals and anionic concentration in the economically and environmentally impacted Turag river. The source of over concentrated pollutant is by and large industrial. Beside this, agricultural runoff, municipal wastes and anthropogenic sources enhance the pollution level. The turbid and dark water is not suitable for sunlight penetration which disturbs the photosynthesis of aquatic plants. Therefore, the carbon dioxide will increase in the water body and consequently, increases the pH level.The colored water discharged from dying industries and other sources, captures more heat which is one of the causes of increased temperature in water body. As a consequence, the ecosystem is distressed and the balance in hydrochemistry and biogeochemistry is disturbed.The concentration of minerals and ions detected in surface water and surface sediment is furnished in Table I . In both surface water and surface sediment the concentration of minerals and ions was higher during dry season and diluted in wet season.
The concentration of Na is surface water and sediment ranged from 13.2-32.3 mg/L with average value 22.1 mg/L and 1008.4-1829.2 mg/kg with average value 1359.07 mg/kg, respectively. The sampling point SS-3 shows higher concentration of Na (32.3 mg/L) for surface water in dry season and the deposition on sediment is also high (1829.2 mg/kg). However in surface water, the concentration of Na is within the permissible limit (200 mg/L) by WHO (2008) . Main source of Na in the river water and in sediment may be the untreated or partially treated industrial effluent which is dumped into the river. Different types of sodium salt are used by industries (mainly tannery, dying) for their process run. If sodium concentration is higher as combined with chlorine and sulfate then the water would not be suitable for irrigational use (Azizullah et al., 2011) . Sodium polluted irrigated water makes the soil puddling and therefore, decrease the water intake capability and becomes hard in which makes seed germination difficulties (Raza et al., 2007) . Higher concentration of sodium may impose osmotic stress on the aquatic biota (Raza et al., 2007) . Therefore, the population of biota may be decreased which makes a lame ecosystem. The concentration of K in surface water and sediment is tabulated in the range of 7.59-20.36 mg/L and 1723.68-3420.14 mg/kg, respectively. Potassium concentration was much higher in sediment than in surface water which means that K is more like to settle down. The permissible limit of K in drinking water is 12 mg/L by European Community (EC, 1986) . According to EC the Water contaminated by K could not be used for drinking, cooking and household purpose. Concentration of Mg in surface water and sediment is documented in the range of 2.0-5.7 mg/L and 475.7-932.5 mg/kg, respectively. The range of Ca in surface water as well as in sediment is recorded as 11.2-25.5 mg/Land 734.7-1382.7 mg/kg, respectively. Sampling point SS-2 shows the highest concentration of Ca in surface water (25.5 mg/L) and that is expected in sediment (1382.5 mg/kg). According to WHO (2008) (Heaney et al., 1982) .
In surface water and surface sediment the concentration of fluoride ion ranged from 0.025-0.6 mg/L and 1.3-5.2 mg/L, respectively. The source of fluoride is of anthropogenic character. Besides this, pesticide, fertilizer, industrial wastes and agricultural runoff enhance the concentration of fluoride in wetland. Fluoride is an essential element for human, plays an important role for teeth and bones structure. However, more than 1.5 mg/L intake of fluoride causes dental and skeletal fluorosis (CDCP, 1999) . The chloride ion concentration in surface water and sediment of Turag River ranges from 80.74-137.37 mg/L and 28.71-45.70 mg/L, respectively. The permissible limit of chlorine in surface water is 250 mg/L (WHO, 2008). The sources of chloride in surface water and sediment might be chlorinated pesticides and wastes from industries. The concentration of bromide ion in surface water and surface sediment ranged from 0.52-1.1 mg/L and 0.5-1.1mg/L, respectively which mean that Br has fewer tendencies to precipitate.
The concentration of PO 4 3-in surface water and surface sediment of Turag river is in the range of 9.9-26.1 mg/L and 22.8-40.6 mg/kg, respectively. Phosphate ion is sparingly soluble in water and is adsorbed with clay particles and precipitates as Fe, Al and Ca compounds. The concentration of phosphate in surface water is higher than the safe level (6 mg/L) suggested by European Community (1986). The sources of PO 4 3-in Turag river may be fertilizer and industrial wastes. The range of sulfate ion in surface water and surface sediment of the Turag river is tabulated as 101.2-148.9 mg/L and 735.7-1258.6 mg/kg, respectively. Surface water of Turag river is till now nontoxic according to the WHO ( guideline value for sulfate ion (400 mg/L) in drinking water. Concentration of nitrate ion in surface water and surface sediment ranged from 1.0-4.9 mg/L and 74.3-108.3 mg/kg, respectively as well as concentration of nitrite ion in surface water and surface sediment ranged from 0.2-1.2 mg/kgand 1.0-3.3 mg/kg, respectively. The possible sources of nitrogenous compounds ion are fertilizer, industrial effluent and human excreta (Weyer et al., 2001 ) and agriculture runoff. Excessive nitrate content in drinking water causes methemoglobinemia (blue baby) in infant (Murray and Christie, 1993) . Nitrate is not itself carcinogenic but it forms N-nitroso compound in stomach which is carcinogenic (NAS,1981) .
Statistical analysis
Interrelation among the parameters has been evaluated by Pearson's correlation (Table II) . Pearson's correlation represents the dependency of one parameter to another. The results showed that the parameters are significant in the p<0.01 level. and PO 4 3-is insignificant (r = 0.18).
PCA furnished in Table III reflects that one component contains most of the metals and ions (~99 %). These findings reveal that the results of correlation are alien with PCA, which indicates the minerals and ions are forcefully added to the surface water and sediment of Turag river from the similar types of sources. After adulteration they remain in a group and settle down with similar trend and exert adverse effect on the ecosystem.
CA has also been applied for the measured parameters to find out the groups according to their similarities like their sources, distribution and chemical behavior. CA is a powerful method for analyzing data including outlier. The resulting data can be presented in a two dimensional plot called dendrogram (Fig. 2) . Hierarchical CA has been performed to observe and predict the concomitance of minerals and anions in the surface water and sediments in the river. It is obtained from the Dendrogram of the cluster analysis that Na, Ca, Mg and SO 4 -are in same cluster, K stand alone and rest of the anions considered in the study ( 
Conclusion
The concentration of minerals and ions is unexpectedly high in the surface water and surface sediment in the Turag. Concentration of K is relatively higher in sediment than in surface water as compared to other minerals which means that K is more likely to settle down. The sources of minerals and ions are similar and they exert similar level of effects on ecosystem which is predicted by the correlation, PCA and CA data. The ecosystem of Turag river is disturbed by the pollutants like color, minerals and anions generated from industries, household, municipal, land runoff and anthropogenic source. Therefore, the aquatic environment, hydrochemistry and biogeology are ruined day by day. A policy should be immediately taken by the respective authority to prevent the unethical discharge of effluent for protecting the hydro-environment of Turag river.
